As deforestation and fragmentation continue in tropical regions with high human use and disturbance of natural habitats, production landscapes such as agroforests and plantations may provide some forestbased services depending on tree selection, agroforest management and intensification. This is typical to southwest Ethiopia with strong human-dependence on forest biodiversity and ecosystem services. We examined the effects of land-use changes and fragmentation on woody species distribution and the relative importance of forest fragments and coffee farms in wood use and carbon storage. We sampled heartwood from 71 woody species in three land use types: natural forest fragments, smallholder semiforest coffee farms and state-owned coffee plantations. We calculated wood density as an oven-dry biomass per fresh volume of heartwood core samples, and above-ground carbon biomass using allometric methods. We found that average wood density values were not correlated with fragment size. Mean wood density of species in forests was greater than in state-owned plantations. The two coffee systems can store 50-62% of the above-ground carbon biomass found in forests, indicating the need to incorporate coffee farms and forest remnants in carbon incentive, or climate mitigation and adaptation programs. To correlate species wood density with local wood preferences, we interviewed focus groups and households about the use-values of 51 farmer-appreciated species. There was a strong correlation between wood density and local wood-values signifying the concordance of species functional traits and ecosystem service values. Our results indicate the need to integrate functional traits and local ecosystem service uses in climate adaptation and mitigation by incorporating coffee agroforests with the conservation of natural forest remnants.
Introduction
If natural ecosystems continue to decline, human-dominated landscapes can play a vital role in maintaining biodiversity (Chazdon et al., 2009; Gardner et al., 2009 ) and ecosystem services (Schroth et al., 2004) . Since much of tropical biodiversity is found outside protected areas (Chazdon et al., 2009) , we need to incorporate production landscapes and ecosystem services into conservation programs. The capacity of production landscapes to provide ecosystem services depends on management and disturbance that affects the abundance and distribution of service providing species (Jose, 2009) . Woody species distribution in human-dominated forests and agroforests varies as a function of species traits that are desirable for human use, and that are vulnerable to disturbance and fragmentation.
Wood density, the specific gravity of a wood important is for support and strength. It is one of the functional traits that are affected by fragmentation and disturbance (Carreno-Rocabado et al., 2012) . Wood density is also related to wood provisioning and carbon storage (Cornelissen et al., 2003; Saranpaa, 2003; Chave et al., 2009) . It affects the weight, strength, flammability, workability, and resistance to decay and termites of a wood and thus the use-value of wood for local people (see FAO, 2011) .
In order to meet conservation and livelihood needs, bundling local ecosystem services with global values of biodiversity such as carbon storage and climate mitigation will be important. For this, studies that examine the effects of anthropogenic disturbance on ecosystem services and the complementary roles of production landscapes in local and global-scale provisioning and regulating services are essential. This study examines the effects of fragmentation and forest conversion, into agroforests, on woody species and associated ecosystem services and the role of production landscapes such as coffee agroforests in providing wood related ecosystem services.
Effects of fragmentation and human filters on woody species and wood-related services
Fragmentation in this study refers to the conversion of a previously continuous forest into smaller forest patches isolated from each other by non-forested lands (see Fahrig, 2003) such as coffee farms, crop fields, plantations and settlements. Fragmentation and disturbance can affect woody species distribution and abundance as a function of their wood density values. Species with low wood density grow faster and are short-lived and less resistant to fire and herbivory than denser-wood species (Swenson and Enquist, 2007; Poorter et al., 2010; Martinez-Carbera, 2011) (Table 1) . Alternatively, dense-wooded species or those with high wood density grow slower, and are more resistant to fire and herbivory but more vulnerable to fragmentation and edge effects than light-wooded species (Carreno-Rocabado et al., 2012) . Fragmentation replaces dense-wooded and large canopy tree species with fast-growing pioneers that have low wood density (Laurance et al., 1997) . Slik et al. (2008) concluded that average wood density in forests is a robust indicator of successional status and can be used as a conservation monitoring tool in tropical rainforests of Southeast Asia.
Forest fragmentation and conversion to agroforests may have implications on two kinds of ecosystem services: wood provisioning at local scales, and carbon stock potential. Wood provisioning services with respect to locally-valued wood qualities are determined by some wood traits influenced by wood density (see Walker, 1993) . In managed forests and coffee farms, the quality, composition, and volume of wood people harvest may vary depending on the shade tree species. Coffee agroforests in tropical ecosystems maintain woody species that are used as coffee shade, fuel-wood, material culture, construction materials, and carbon biomass (Leakey et al., 2005; Rice, 2008; Jose, 2009; Tadesse et al., 2014a) . In particular, southwest Ethiopian agro-ecosystems support millions of local people who largely depend on wood and non-wood resources in their day-to-day life.
Understanding the effects of fragmentation and human filters is important for management and conservation that integrates local needs with the conservation of biodiversity and ecosystem services. Studies that examined the effects of fragmentation on woody species distribution and associated ecosystem services in relation to wood density and carbon biomass are very scanty in southwest Ethiopia. Here we asked whether woody species distribution is affected by fragmentation with respect to its differential effects on dense and lighter-wooded species.
We hypothesize that dense-wooded species decline when forests are converted into agricultural landscapes partly due to intrinsic vulnerability of such species to disturbance, and due to human preferences for fast-growing and light-wooded species in managed landscapes, or human filters. Here, we define human filters as human-mediated woody community assembly that is determined by human preference and realized through planting, encouragement and protection of woody species for their ecosystem services. Human filters may also lead to community disassembly via over-harvesting and logging of species in agroforests and forest fragments. To understand human-induced effects on woody species with respect to wood density, we compared variations in average wood density values of species assemblages between natural forests and coffee farms.
Aboveground carbon biomass and prospects for climate mitigation
Carbon storage is another ecosystem service provided by woody species and affected by land-use changes and fragmentation. About 50% of above-ground living biomass is made up of carbon in forests and agroforests (Clark et al., 2001) , and approximately 20% of global greenhouse gas emissions are from forest degradation and forest conversion to agricultural landscapes (Denman et al., 2007) .
Agroforests are agricultural areas with >10% tree cover, and they account for 46% of the agricultural area covering about a billion hectares (Zomer et al., 2009) . Although carbon biomass potential of agroforests vary depending on species composition and management, globally they sequester about 1.9 Pg (1.9 billion tons) of above-and below-ground carbon over 50 years (Albrecht and Kandji 2003; Nair et al., 2009) . In some coffee growing regions of Indonesia, shade coffee agroforests, depending on shade tree density and composition, can store up to 75% of the above-ground carbon stored in the adjacent remnant forests (van Noordwijk et al., 2002; Kessler et al., 2012) .
Coffee agroforests have great potential in carbon biomass and climate adaptation (Jose and Bardhan, 2014; Verchot et al., 2007) . Estimates on the potential of agroforests in Africa in terms of aboveground carbon biomass range from 1.0 to 18.0 Mg C ha À1 (Nair and Nair, 2014) . However, agroforest intensification in the form of reduction in shade tree diversity and density reduces carbon storage capacity (Tscharntke et al., 2005; Robinson et al., 2009; de Paula et al., 2011) . Traditional agroforests are being intensified into plantations with reduced shade tree density and diversity in southwest Ethiopia (Tadesse et al., 2014a) . Carbon stock potential decreases through frequent logging and tree mortality around forest edges and through the replacement of large canopy trees that store high carbon with fast-growing pioneer trees of smaller size and low wood density and with lianas that sequester much less carbon (Laurance et al., 1997; Laurance et al., 2006) . We were interested in how much carbon stock potential is at stake if we lose certain native trees by fragmentation or forest conversion into coffee agroforests in southwest Ethiopia. We estimated the aboveground carbon biomass in coffee farms and adjacent forest fragments using wood density and allometric measurements from living aboveground biomass of woody species.
Woody biodiversity conservation and ecosystem service delivery in traditionally diverse coffee agroforests in southwest Ethiopia will depend on conservation incentive programs such as reducing emissions from deforestation and degradation (REDD + ) and clean development mechanism (CDM). If REDD + is implemented sustainably, it can effectively promote forest management and agricultural practices that increase tree cover for both climate change mitigation and adaptation globally (IPCC, 2014) . This requires estimating the amount of carbon biomass stored in forests and agroforests. This study will provide useful information about implications of carbon sequestration in coffee agroforests of southwest Ethiopia to conservation and the livelihoods of smallscale farmers. We estimated the potential of carbon incentives from such programs based on the carbon retention potential of forests and agroforests in the region. Table 1 Adaptive significance of species with low and high wood density with respect to growth, survival, defense, and resistance to fragmentation and disturbance (Source: Chave et al., 2005; Wright et al., 2007; Poorter et al., 2010; Martinez-Carbera, 2011; Carreno-Rocabado et al., 2012) 
Methods

Study area
This study was conducted in coffee-forest landscape mosaics of two districts in southwest Ethiopia namely, Yeki and Decha (Fig. 1 , Table 2a ). Southwest Ethiopia is the origin of Arabica coffee, which is cultivated in wild, semi-wild, garden, and plantation production systems (Wiersum et al., 2008) . As a major coffee growing region of the nation, this landscape is dominated by coffee plantations and coffee farms, forests and annual crop fields. Yeki landscape is covered by forests (32%) and plantation and smallholder garden shade coffee (38%); and our study site in Decha region is mainly covered by forests with wild and semi-wild coffee (39%). We studied three land-use types, forest fragments, smallholder semiforest/garden coffee and state-owned plantations (Table 2b) . State-owned coffee plantations are part of the 17,000 ha semimechanized and large-scale shade coffee systems in the region. Shade trees on these farms are largely native species, although more fast-growing exotic species have been introduced recently. Smallholder farms are coffee agroforests of 3 ha that are owned by approximately 15 million subsistence farmers throughout the country (Petit, 1997) . Smallholder coffee systems are diverse in production (wild, semi-wild, garden), management, tree choices and intensification levels, and have generally higher shade tree species diversity than state-owned coffee plantations (Tadesse et al., 2014b) . There is very limited access to state-coffee plantations for wood products although local people are allowed to cut grasses and fodder (usually weeds) in the plantations following permission by the farm managers. We included stateowned coffee plantations only for carbon stock benefits. Since local people do not have direct access for using wood and non-wood products, the plantations were excluded during informant interviews about woody species found in forests and small-holder coffee farms.
Wood sampling
We studied 71 woody species of 470 randomly selected individuals from 73, 20 m Â 20 m (400 m 2 ) plots in 16 fragments; 26, 400 m 2 plots from 26 smallholder coffee farms; and 25, 400 m 2 plots from 3 large state-owned coffee farms. The plots used for wood density samples were randomly selected across transects that were established from forest edges (within 300 m of forest boundaries) to interiors, and across semi-forest, garden and plantation coffee systems. We measured DBH using diameter tape for each woody individual with DBH !10 cm. Height were estimated using laser range finders and clinometers. We sampled heartwood density at breast height from 470 randomly selected trees and shrubs of 71 native species (DBH !10 cm) using 2.5 mm diameter increment borers. We then measured the mass of airdried samples using an electronic balance (0.001 g precision), and the volume indirectly by the volume of water displaced by the core samples at the ecophysiology laboratory of Addis Ababa University, Fig. 1 . Map of the study region in southwest Ethiopia with forests (dark-shaded) and non-forests including large-scale coffee plantations, small-scale garden and plantation coffee, and other agricultural and grazing lands (gray-shaded). Biophysical characteristics of the three sampled land-use types, percentages indicate the proportion of woody species studied for wood density and carbon storage out of the total number of species we found in the corresponding land-use types. Ethiopia. We have calculated the importance value index of woody species we sampled based on relative frequency, relative dominance and relative density of each woody species.
Above-ground carbon estimation
Many studies estimate terrestrial carbon pools from aboveground plant biomass indirectly using non-destructive methods from wood density and stem volume (Chave et al., 2005; Vashum and Jayakumar, 2012) . Studies on harvested trees show that wood density is the second-most important parameter that accurately predicts the carbon mass of a tree (Chave et al., 2009) , and wood density is less destructive than harvesting and weighing trees (Cornelissen et al., 2003; Ruiz-Jaen and Potvin, 2011) . It is the second most important predictor of above-ground carbon stocks in ecosystems (Chave et al., 2005) .
We estimated carbon stock of forest fragments and coffee farms indirectly, using stem/stand volume, wood density, and aboveground biomass (AGB in mega grams ha
À1
). Stem volume (m 3 ) was calculated based on the formula, StemVolume = p Â (DBH/2) 2 Â height Â form factor, where DBH and height are in meters and form factor is an allometric relationship between tree height and diameter, which is 0.7 (Cornelissen et al., 2003; Nogueira et al., 2006) .
Wood density was calculated as the weight of the sample divided by the volume of wood core samples or the mass of water displaced by its fresh volume. Biomass depends on stem volume and wood density. AGB (Mg ha
) from woody species (>10 cm DBH) in natural forests was estimated using the equation Chave et al. (2005) for moist tropical forests, where AGB is in mega gram per tree, r is the wood density (g/cm 3 ), DBH is the stem diameter at breast height (cm), and H refers to height of trees in meters. AGB per hectare was then calculated as a product of mean AGB estimates of individual samples in each plot and the density of individuals in a hectare of a forest or a coffee farm. Since the growth architecture of woody species in agroforests varies due to management and habitat conditions, for our coffee agroforests and plantations, we used the allometric equation described by Henry et al. (2009) . Finally, based on the assumption that living biomass (tissues) is composed of 50% carbon, we calculated above-ground carbon stock as 0.5 Â AGB for the forests and coffee systems (Chave et al., 2005) .
Household interviews
In order to understand how wood density is related to wood value and whether people prefer or use dense-wooded species than light-wooded ones, we convened 10 focus groups and 105 households on woody species use preferences for the following ecosystem services: charcoal/fuel-wood production, beehive support and construction, tools, timber, and termite resistance. Direct matrix ranking (see Martin, 1994 ) was used to analyze the perceptions of local people (households and focus groups) on the wood qualities of 51 farmer-appreciated species on the following wood qualities or use: termite resistance, construction poles, tools/ furniture, fuel-wood/charcoal production, beehive construction, and support. We explored the correlation between species wood density values and the timber characteristics preferred by local communities.
Data analysis
We tested any correlations between fragment sizes, mean wood density values, aboveground biomass per hectare of the fragments using regression analysis and Pearson's r-statistic, and between stem density in forest fragments and above-ground carbon stored by woody species. To compare the mean wood density values, aboveground biomass and carbon stock potential of the three landuse types, we used F-tests and Tukey's post-hoc tests. In order to examine the effect of human filters on wood density distribution across land use types, we correlated species wood density values with their abundance both in coffee farms and across forests. We also used regression analysis to test for any correlations between wood density values of species and local wood preferences for fuel, timber, termite resistance, and construction.
Results
Wood density, interactions between land-use changes and human filters on woody species
According to local informants, the most important woody species used for various provisioning services with their usevalues were summarized in Appendix 1. The size class distribution of woody species in this study showed significant variation between forests and coffee plantations (Fig. 2) . The number of juvenile individuals (<10 cm DBH) in forest fragments was significantly higher than smallholder (p < 0.001) and state-owned (p < 0.001) coffee farms. Cutting of large-sized trees in smallholder farms and logging of larger trees in forest fragments were more common than the state-owned coffee plantations that are wellprotected (Fig. 2) .
We found that wood density varied significantly from species to species (F 5,70 = 5.6, p = 0.03) and from 0.35 g/cm 3 to 1.4 g/cm 3 (mean AE SD, 0.64 AE 0.18). The wood density distribution of species is provided in Appendix 1. Large tree species (>15 m height) had mean wood density values (mean = 0.64) similar to small tree species of <15 m maximum height (mean = 0.61, p = 0.9). Within a forest fragment, there were no association between mean wood density of fragments and fragment size (F 1,16 = 1.1, p = 0.4). On average, forest species tend to have denser wood than species found on coffee plantations (p = 0.014). However, forest species did not vary from species in smallholder semi-forest coffee systems (p = 0.46) (Fig. 3) . According to local informants on the use of woody species for wood products, dense-wooded species were strongly preferred for household use including fuel-wood, charcoal, and construction than other species. Local rankings of preferred wood attributes from our household interviews and focus groups showed that all wood qualities except hive support were significantly correlated with mean wood densities ( Table 3 ). The use-values of woody species increased with increasing wood density for timber, fuel, and termite resistance while it was the inverse for hive construction. Generally denser-woods were preferred for fuelwood, timber and termite resistance; however, wood density was not the only criteria for species preferences. Local people, depending on their particular needs, reported that they variably preferred particular types of species based on the straightness of the bole, branching patterns, presence of buttresses, easiness to carve and split, flammability, and availability.
The concordance between mean wood density values of species and their wood use-values by local people confers that some species with very high wood density are overharvested than others. According to our informants, species with higher wood density (Baphia abyssinica, Pouteria spp., Diospyros spp., Olea spp., Morus mesozygia, Manilkara butugi, Pouteria altissima) have high wood use-values, and are overharvested, and should be managed sustainably.
Aboveground carbon biomass in forests and coffee agroforests
As expected, carbon stock capacity increased with increased stem density in the forest fragments (F 1,16 = 5.9, p = 0.03), and with increase in tree size in terms of DBH (F 1,59 = 57.8, p < 0.001) and height (F 1,59 = 25.5, p < 0.001) ( Table 4) . Forests had higher stem density (281 stems ha
À1
) than the two types of coffee farms (Table 4 ). The density of shade trees maintained in smallholder semi-forest coffee (180 stems ha
) was almost twice the density on state-owned coffee plantations (96 stems ha À1 ). The per hectare aboveground biomass of forest fragments was not significantly affected by fragment size (F 1,16 = 3.32, p = 0.07). Above-ground carbon biomass varied among the three land-use types (F 1,312 = 4.6, p = 0.012) with significant variation between smallholder and state-owned plantations (p = 0.019), and between forest fragments and state-owned plantations. The above-ground carbon stock of forests (mean AE SE = 246 AE 70 tC ha À1 ) and smallholder coffee farms (153 AE 59 tC ha
) was higher than large-scale coffee plantations (123 AE 12 tC ha
). The conversion of one-hectare of a forest fragment into traditional semi-forest coffee farms will therefore result in the loss of at least 97 tC above-ground carbon per hectare. Further intensification into large-scale coffee farms such as state-owned ones will result in the loss of more than 30 tC ha
The aboveground carbon based on conservative carbon emission reduction credits or offset prices from voluntary carbon markets such as the Clean Development Mechanism (CDM) under the Kyoto Protocol, with minimum rate of 4.5 dollars per ton of carbon (Diaz et al., 2011) , the total carbon stored (mean AE SD) in each hectare of forests, smallholder coffee and state-owned coffee plantations would earn about USD 1105 AE 315, USD 1036 AE 266, and USD 840 AE 221 respectively. However, these figures could even be higher based on the carbon financing that widely ranges from USD 0 to 10.
Discussion
Wood density distribution across forest fragments and coffee farms
Fragmentation was not correlated with wood density possibly due to the long-term human filters and prolonged disturbance that homogenized woody species composition in most of the forest fragments in southwest Ethiopia. This indicates that most of the forest fragments were at similar successional stages due to the effects of pervasive disturbance (see Silk et al., 2008) . However, forests had higher mean wood density than coffee farms since forests contain more old growth and dense-wooded species followed by semi-forest smallholder coffee systems. Species commonly found in coffee farms tend to have lower wood density possibly as a result of farmer selection of fast-growing and lightwooded species that are favorable for coffee shade. When tropical forests are converted into agricultural landscapes, the abundance of large-sized and denser-wooded tree species will be significantly reduced. Large and heavy-wooded tree species (r > 0.7) tend to be more common (a) in larger forest patches than in smaller ones, and (b) in less disturbed sites than more disturbed ones (Michalski et al., 2007; Silk et al., 2008) . Although denser-wooded tree species were more frequent in forests, we found that larger and mature individuals in forests and semi-forest coffee are being logged and over-harvested compared to those in state-owned plantations that are protected from use by local people.
Preferences of woody species for various uses by local people
In addition to coffee shade and other non-timber products and services, people in southwest Ethiopia use forest and agroforest trees for various wood products and fuel on a day-to-day basis. Shade tree species on coffee farms provide various ecosystem services particularly in semi-forest and garden coffee production systems that are managed by smallholder farmers in the study region. Among these were fuel-wood, charcoal, timber, construction of houses and tools, and hanging sites for traditional beehives. Farmers in the region had detailed perceptions about woody species and articulated their preferences for the use of various timber and non-timber wood values.
High density wood from several species was preferred by local people for construction due to minerals and repellent chemicals that prevent wood decomposition and deter termites or inhibit wood decay (Arango et al., 2006) . Fuel-wood quality is directly proportional to wood density for some species (Kumar et al., 2010) . People in the region preferred higher density wood for charcoal and firewood since the wood burns slower and longer due to high tissue fiber content (see World Agroforestry Center, 2013). Lightwooded species were preferred for making light tools and beehives that can easily be hanged on higher tree branches. People usually prefer mature individuals for certain wood values (e.g., poles, charcoal, termite resistance) due to increased density and mechanical strength as the tree matures. Kuyah et al. (2012) found that wood density increased with tree size and maturity. However, wood density was not the only criterion for local wood choices. People also considered the suitability of woody species for various purposes based on the straightness of the bole, the easiness to split and burn, availability, branching structures, and presence of buttresses. According to our discussions with agricultural departments, several dense-wooded species such as Baphia abyssinica, Pouteria spp., Diospyros abyssinica, Manilkara butugi, Olea capensis, and Morus mesozygia are threatened, among other reasons, due to overharvesting for timber, charcoal, and high quality furniture. The loss of dense-wooded species consequently diminishes most of the provisioning and regulating services such as construction tools and traditional houses, fuel-wood and charcoal, and aboveground carbon biomass. Selective logging of high-value timber species in forests and coffee systems have also negative impact on other nontimber forest products and services as reviewed by Rist et al. (2012) in several tropical countries.
Following the loss of forests and denser-wooded species, local people reported that they maintain some of the highly preferred and dense-wooded tree species such as Albizia gummifera, Diospyros abyssinica, A. schimperiana, Manilkara butugi, Pouteria altissima, P. adolfi-friederici, Milicia excelsa, and Olea capensis in their semi-forest and agroforest coffee systems. Local people reported that they also cope with the loss of dense-wooded native species using alternative strategies such as shifting to other exotic species or man-made materials.
Aboveground carbon stocks in forest fragments and coffee systems
There is wide variation in aboveground carbon biomass of forests perhaps due to varied levels of logging and disturbance. Similarly, the wide-ranging management of smallholder semiforest and garden coffee systems resulted in large variations of aboveground carbon stock in these systems. Coffee agroforests in southwest Ethiopia can store between 50% and 62% of the aboveground carbon biomass found from the same area of surrounding forests. This is a higher potential compared to other traditional agroforests in eastern Panama (42%; Kirby and Potvin, 2007) , central Indonesia (49.8%; Kessler et al., 2012) , and comparable to coffee agroforests in Guatemala (Schmitt-Harsh et al., 2012) . The forests of southwest Ethiopia store above-ground biomass equivalent to the amount in other tropical montane forests in Africa and globally (Spracklen and Righelato, 2014) .
This suggests that Ethiopian coffee agroforests will have greater climate mitigation potential, in addition to providing other ecosystem services, if the density and species richness of shade trees is promoted. However, we observed that local communities in southwest Ethiopia were not aware of carbon storage benefits but understand the role of forests in climate regulation and adaptation. Our results imply that conversion of forests into semiforest coffee systems will not result in excessive losses of aboveground carbon biomass from tree species. Still a hectare of forest patch in our study site have much more carbon stored than both coffee farm types, even without including the biomass stored in the dense understory forest vegetation, belowground carbon, and the carbon biomass from tree saplings and lianas in the forests.
Regeneration in forest fragments was higher than coffee systems (Tadesse et al., 2014b ) indicating a higher carbon sequestration potential from forest fragments compared to the coffee systems. Next to forests, smallholder semi-forest and garden coffee systems have more regeneration and hence greater potential for carbon storage. Biodiversity conservation in smallholder shade coffee systems have higher potential for carbon sequestration and climate change mitigation as has been reported by Richard and Mendez (2013) . Although AGB and productivity is assumed to increase with species richness (Tilman 1999) , there are no consistent relationships between diversity and AGB (Zhang et al., 2012) . Additionally, carbon stocks and biodiversity in forests and agroforests are weakly correlated (Kesseler et al., 2012) .
About 137 woody species were recorded from forests in the study region, while smallholder semi-forest and garden and stateowned coffee contained 91 and 40 species respectively (Tadesse et al., 2014a) . Productivity and carbon stock capacity increases with multi-species plantations than monocultures (Erskine et al., 2006) . Ruiz-Jaen et al. (2011) also found that carbon biomass increased with increase in species richness on plantations and with higher proportion of large trees in natural forests. Biomass in smallholder systems may be higher than plantations partly because the former have higher woody species diversity (Tadesse et al., 2014b) . The higher proportion of large-sized individuals in state-owned coffee plantations had a contributed to higher carbon stock capacity despite lower shade tree density in the state-owned coffee plantations. However, wood volumes in state-owned farms were higher than forests and smallholder farms because of protection of large state-owned shade trees and reduced competition by thinning in these plantations. The ongoing introduction of fast growing tree species of low wood density and the lack of regeneration in state or large-scale farms will decrease the carbon stock potential of state-owned farms. Although there are limited studies that confirm consistent positive correlation between wood density and carbon biomass (Stegen et al., 2009 ), a decline in mean wood density will decrease carbon stocks and climate change mitigation.
Forest fragments in the region can store more carbon that can be considered for carbon incentive programs which target reducing carbon emissions. This will encourage large-sized native tree species and promote regeneration of woody species in forest remnants and semi-forest coffee systems which enhance their carbon storage capacity. Through regeneration after recovery from disturbance, light-wooded species will be replaced by later successional and denser woods (Silk et al., 2008) . Regeneration increased the AGB in abandoned agricultural lands in the tropics at a rate of 6.2 Mg C ha À1 yr À1 during the first 20 years of succession (Silver et al., 2000) . The carbon stock potential of many African wet forests increased by 0.63 Mg C ha À1 yr À1 between 1968 and 2007 due to regeneration .
Carbon from coffee systems southwest Ethiopia is stored by the diverse shade trees maintained at density of 180 trees ha À1 and 281 trees ha À1 in state farms and small farms respectively. In addition to the shade trees, carbon can be stored in the perennial coffee plants found at average estimated density of >2500 coffee stems ha À1 which represents a large volume of wood and aboveground carbon biomass stored from the coffee plants directly. This is especially true for traditional coffee systems where farmers allow old coffee plants to remain in their farms compared to the rapid planting turnovers we observed in the plantations. Thus, there is underestimation of the aboveground carbon biomass in coffee agroforests. Since we overlooked seedlings and saplings, or woody individuals below 10 cm DBH in the forests in our biomass estimations, our forest biomass findings could also be slightly higher than the figures presented in this study.
Stem density is an important factor in carbon biomass of forests and coffee farms, and carbon biomass increases with an increase in shade tree density in coffee agroforests. The per hectare density of juvenile individuals and small shrubs in forest fragments and semiforest coffee farms in southwest Ethiopia was significantly higher than in state-owned plantations (Tadesse et al., 2014b) . Therefore, forests and semi-forest coffee systems will have higher carbon stock potential than plantation coffee due to their higher stem density.
In this study, above-ground carbon biomass per hectare across forest fragments is not affected by fragmentation or patch size unless there had been a significant decrease in stem density. This could be because the distribution of species was relatively homogeneous in terms of the stem and wood densities of species. This homogenization is possibly due to a long history of human filters including fragmentation, over-harvesting and logging in both small and large forest patches (Tadesse et al., 2014b) . In other regions, fragmentation limits the capacity of forests to retain carbon since it reduces the abundance of large trees (de Paula et al., 2011) .
Forest conversion to agricultural lands results in a disproportionate loss of greenhouse gas emissions to the atmosphere (Strassburg et al., 2010) . However, agroforestry trees can still store more carbon than field crops or most plantations (tea and palmoil) (Kirby and Potvin, 2007) . Exotic plantations of Eucalyptus expanding in the region tend to have lower carbon stocks. According to Hall et al. (2012) ; regions with expanding exotic plantations experienced decreased carbon stock in contrast to regions with species-rich secondary forests. Exotic species such as Eucalyptus, Grivellea, and Cupressus are becoming common since they are important sources of timber and income. This implies the need to conserve old-growth and denser-wooded species in both forests and coffee agroforests through effective carbon incentive programs.
The aboveground carbon based on conservative carbon emission reduction credits or offset prices from voluntary carbon markets such as the Clean Development Mechanism (CDM) under the Kyoto Protocol, with minimum rate of 4.5 dollars per ton of carbon (Diaz et al., 2011) , the total carbon stored in each hectare of forests, smallholder coffee and state-owned coffee plantations would be about $1107 AE 315, $689 AE 266, and $554 AE 54 respectively. However, these figures could even be higher based on the carbon financing that ranges from 0$ to 10$. IPCC, (2014) described that the use of REDD + will promote climate adaptation benefits in addition to its socio-economic and ecological benefits if agroforests and forests are integrated into conservation.
However, REDD + incentives and their effectiveness will depend on and are affected by the use, ownership and management of forest and agroforest resources (Phelps et al., 2010) . The effectiveness of REDD + programs in terms of improving livelihoods, mitigating climate and conserving biodiversity will also heavily rely on (a) integrating indigenous ecological knowledge and sustainable use of forest and agroforest resources into conservation and management, and (b) safe-guarding the rights of local communities in the use and management of their forest and agroforest resources and (c) promoting land-tenure schemes that secure the long-term ownership of smallholder farmers in order to encourage long-term investment on their land.
Conclusion and management implications
In southwest Ethiopia, the mosaic of remnant forests semi-wild coffee forests, and smallholder coffee agroforests have high potential for provisioning of wood and non-wood services including carbon storage. The fact that strong correlation exists between wood density and local wood values implies the need to integrate functional traits, local use and ecosystem services into conservation planning. Logging, disturbance and human filters are increasing the abundance of low-density and fast growing species in more intensified coffee farms while slow-growing, high-density species still persist in forest fragments. Since high-density species are highly preferred for various uses, prioritizing their conservation would prevent them from logging and local extirpation.
Next to forest fragments, semi-forest, garden and plantation coffee in southwest Ethiopia play vital role in carbon biomass storage and climate regulation. This signifies the need to incorporate them with forests in carbon offset programs. This requires further studies that examine the below-ground or soil carbon stock, and temporary dynamic carbon pools from understory layer and coffee/fruit crops in the forest and coffee farms respectively.
Provisioning (wood and non-wood) and regulating services (carbon biomass) need to be promoted for the sustainability of the forest-coffee mosaics of the region for three major reasons. First, less intensive semi-forest, agroforest and garden coffee systems maintain diverse native species assemblages with higher proportion of the original canopy species. Second, in aggregate, they represent millions of farms encompassing a large expanse of land bigger enough for large-scale conservation incentives and carbon market programs. Third, such incentive programs can stimulate the promotion of biodiversity restoration and ecosystem services that improve the livelihoods of millions of farmers throughout the region.
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Appendix 1.
Appendix 1. Wood density distribution of woody species from natural forests (NF), smallholder coffee farms (SF) and coffee plantations (CP). 
